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Introduction 

The  Montreal  Protocol  of  1987  identified  a  number  of  halogenated 
chemicals  which  possess  sufficient  stratospheric  ozone  depletion  potentials 
to  warrant  limitations  on  their  production  and  use.  Included  on  this  list  was 
Halon  1301  (CFsBr),  the  fire  suppression  agent  of  choice  for  aircraft  engine 
nacelles  and  dry  bays  (1).  As  a  result,  the  relative  performance  of  different 
chemical  compounds  with  low  ozone  depletion  potentials  were  evaluated  as 
a  CFaBr  fire  suppressant  replacement.  Since  corrosion  of  fire  suppressant 
containers  by  the  agent  could  affect  the  reliability  of  these  vessels,  the 
corrosion  behavior  of  typical  alloys  used  in  ♦hese  containers  needed  to  be 
evaluated.  Mass  change  tests  were  performed  for  1  month  in  different 
agents  at  150  °C.  Electrochemical  tests  were  desired  to  supplement  and 
possibly  replace  the  current  mass  change  expeiiments.  A  major  advantage 
Or  electrochemical  testing  is  the  significant  reduction  in  time  required  to 
estimate  corrosion  rates  and  the  effect  that  pollutants  (HF.  HCI.  and  H2O)  in 

various  agents,  compositional  changes,  and  the  temperature  have  on  the 
corrosion  rate. 

The  goal  of  this  study  is  to  1 )  determine  which  alternative  fire 
anS  compatible  with  the  metals  used  in  storage  vessels 

ana  2)  to  determine  which  storage  container  metals  have  the  highest  corrosion 
esistance  when  exposed  to  alternative  fire  suppressants.  Since  no  test 
me  hodology  existed  at  the  start  of  this  phase  of  the  work,  mass  change 

used  to  evaluate  the  field  of  possible  fire  suppressant  agents  and 
gniainer  alloys  in  terms  of  corrosivity  and  corrosion  resistance,  respectively. 

electrochemical  test  was  developed  in  order  to  perform 
drceierated  testing  of  the  corrosion  resistance  of  storage  container  alloys  in 
naion  fire  suppression  alternatives. 

presenting  author 
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Experimental  Details 

Mass  chanae  exposures  ...  • 

Experiments  were  designed  and  conducted  to  evaluate  the  corrosivity 
of  the  different  potential  fire  suppressants  during  normal  sen/ice  in  aircraft 
storage  containers.  These  experiments  had  to  consist  of  exposures  that 
emulate  the  conditions  under  which  corrosion  is  expected  to  occur  followed 
by  careful  examination  and  evaluation  of  the  resulting  corrosion  damage. 
Smooth  coupon  exposure  tests,  were  conducted  to  evaluate  changes  in 
mass  during  exposure  thereby  yielding  a  measurement  of  the  rate  of 
formation  of  corrosion  scales  or  removal  of  metallic  species.  The  coupons 
were  examined  visually  and  by  optical  microscopy  to  assess  the  occurrence 
of  pitting,  intergranular  corrosion  and  dealloying.  From  the  mass  change  and 
the  exposure  time,  the  average  mass  change  rate  can  be  estimated  allowing 
comparison  between  the  agents  and  alloys.  Tests  to  study  localized 
corrosion  and  environmentally  induced  fracture  were  alsc  conducted  and  the 

results  are  described  elsewhere  (2).  ,  ,  iooN/io 

The  materials  chosen  for  this  study  were:  304  stainless  steel,  13-8  Mo 
stainless  steel,  AM  355  stainless  steel,  stainless  steel  alloy  21-6-9  (Nitronic 
40)  4130  alloy  steel.  Inconel  alloy  625,  CDA-172  copper/beryllium  alloy 
and  6061 -T6  aluminum  alloy.  The  compositions  of  these  alloys  are  given  in 
Table  1.  These  alloys  were  selected  for  these  experiments  based  on 
discussions  with  the  Air  Force  on  the  materials  typically  used  for  aircraft 


storage  container  components.  . 

The  samples  used  for  the  mass  change  experiments  were  flat  smooth 
surface  coupons;  width  =  25.4  mm,  length  =  50.8  mm,  and  thickness  =  1.6 
mm.  A  6.7  mm  diameter  hole  was  drilled  in  the  center  of  the  coupons.  After 
machining,  the  surfaces  were  glass  bead  blasted  to  remove  any  remaining 
surface  oxides  or  scale  and  to  provide  a  consistent  smooth  surface  finish  (120 
grit  nominal).  Each  sample  was  then  ultrasonically  cleaned,  first  in  acetone  and 
then  in  alcohol,  dried  with  warm  air  and  immediately  weighed.  Three  separate 
weighings  were  taken  at  approximately  30  second  intervals  and  averaged. 
This  average  value  was  then  referred  to  as  the  initial  weight  of  the  coupon. 

The  balance  used  for  these  weight  measurements  was  self  calibrating  on 
start-up  to  maintain  an  a..curacy  to  within  ±10  x  10-6  g  with  a  reproducibility  of 
no  less  ii  lan  ±1 .51x1  O'®  g.  Representative  photographs  of  the  surface  of 
each  alloy  were  also  taken  prior  to  the  start  of  testing.  .  ,  .  ■ 

At  the  start  of  each  exposure  test,  three  coupons  of  each  of  the  eight 
alloys  were  mounted  on  a  polytetrafluoroethylene  (PTFE)  rod  with  PTFE 
spacers  between  the  samples  as  shown  in  Figure  la.  This  vyas  done  to 
separate  and  electrically  isolate  the  samples  thereby  eliminating  the 
possibility  of  galvanic  coupling.  Three  samples  of  each  type  of  alloy  were 
used  and  PTFE  shields  were  placed  between  the  different  types  of  alloys  to 
protect  the  samples  from  contact  with  any  corrosion  products  that  may  forrn. 
The  samples  were  next  placed  in  a  PTFE  lined,  two  liter  pressure  vessel  for 
testing.  The  vessel  was  then  attached  to  a  mechanical  vacuum  pump  and 
evacuated  for  a  minimum  of  30  minutes. 


table  1 

The  Composition  of  the  alloys  listed  in  weight  percent. 


Element 

Nil 

40 

Al 

6061 -T6 

In 

625 

304 

SS 

CDA 

172 

13-8 

Steel 

SS 

Am355 

AISI 

4130 

Ni 

7.1 

61.39 

8.26 

0.06 

8.4 

423 

0.08 

Cr 

19.75 

0.04 

21.71 

18.11 

0.01 

12.65 

15.28 

0.98 

Mn 

9.4 

0.15 

0.08 

1.41 

0.02 

0.8 

0.51 

Mg 

1 

.  . 

.  . 

Si 

0.5 

0.4 

0.09 

0.49 

0.08 

0.04 

0.16 

0.23 

Mo 

8.82 

0.17 

•  - 

2.18 

2.6 

0.16 

N  b 

-  - 

3.41 

. . 

.  . 

,  . 

N 

0.29 

0.03 

.  . 

0 

0.12 

C 

0.02 

0.02 

0.06 

0.03 

0.12 

0.32 

Be 

-  - 

1.9 

.  . 

Co 

. . 

0.11 

0.2 

Zn 

0.25 

. . 

Cu 

0.15 

.  • 

.  . 

97,9 

_  , 

Fe 

bal 

0.7 

3.97 

bal 

0,06 

bal 

bal 

bal 

Al 

•  - 

bal 

0.23 

0,04 

1.11 

0.04 

G/cm^3‘ 

7.83 

2.7 

8.44 

7.94 

8.23 

7.76 

7.91 

7.85 

*  Nominal  Density 


The  mass  of  agent  required  to  produoe  a  pressure  of  approximately 
5.86  MPa  at  150  °C  was  determined  from  a  computer  program  based  on 
the  available  thermodynamic  data,  and  the  gas  laws.  To  facilitate  charging  of 
the  agents,  the  test  vessels  were  chilled  in  a  bath  of  either  ice  and  water,  or 
dry  ioe  and  alcohol,  depending  on  the  temperature  necessary  to  maintain  the 
liquid  phase.  The  vessels  were  then  placed  on  a  balance  that  allowed 
weighing  of  the  entire  vessel  and  determination  of  the  mass  of  the  agent 
added  continuously  during  filling.  Upon  completion  of  the  charging  step,  the 
vessels  were  placed  in  proportionally  controlled,  calrod-type  heaters  that 
kept  the  temperature  constant  at  150  ±1  for  the  25  day  exposure  period 

At  the  conclusion  of  the  testing  period,  the  heaters  were  turned  off  and 
the  vessels  were  allowed  to  cool  naturally  to  ambient  temperature.  After  the 
agent  was  released,  the  coupons  were  extracted  and  immediately 
reweighed  using  the  same  procedure  that  was  used  for  the  initial  weight 
measurements.  The  average  of  those  three  measurements  was  then 
referred  to  as  the  final  weight  of  the  coupon.  Representative  photographs  of 
the  surfaces  were  again  taken  and  compared  to  those  of  the  initial  condition. 

Electrochemical  Measurements 

Electrochemical  testing  offers  the  possibility  of  more  rapid  evaluation 
of  the  coirosion  rate  and  the  effect  of  contaminants,  material  composition  and 
tGmperature.  Furthermore,  numerous  analytical  electrochemical  methods  may 
be  used  to  investigate  the  mechanisms  of  corrosion  (3).  However,  the  high 
resistivity  of  the  aliphatic  hydrocarbon  solvents  makes  the  implementation  of 
such  measurements  extremely  difficult,  e.g.  Halon  124,  CF3CHCIF  has  a 


1  =A1  Alloy  AA  6061 -T6  5  =  In  625 

2  =  Cu  /  Hoy  CDA-172  6  =  304  Stainless  Steel 

3  =  AM  355  7  =AISI  4130  Steel 

4  =  1 3-8  Mo  Steel  8  =  Nitronic  40 


Fig.  1a:  Immersion  testing  chamber  for  smooth  coupon 
weight  loss  measurements. 


Thermocouple  well 


Pt  working  electrode 


304  or  CuBe  electode 
Teflon  liner 


Pt  reference  electrode 

Pt-Rh  counter  electrode 
316  SS  vessel 


Fig.  1b:  Electrochemical  cell. 


resistivity  of  ~  1.5  x  10^  ohm  •  cm.  This  value  is  similar  to  that  observed  for 
other  non-aqueous  solvents,  i.e.  acetonitrile,  CH3CN  (4).  In  order  to  perform 
electrochemical  measurements  in  such  media  a  supporting  electrolyte  is 
required  (4).  Unfortunately,  simple  inorganic  salts  like  NaCI  or  Na2S04  are 
essentially  insoluble  in  aliphatic  solvents  due  to  the  low  dielectric  constant  of 
the  solvent,  i.e.  CF3CHCIF,  ^  ~  6.73.  However,  quaternary  ammonium  salts 
are  known  to  be  soluble  in  low  dielectric  constant  media  such  as 
dichioromethane  and  chloroform,  e  =  8.93  and  4.81  respectively  (5).  Thus, 
we  have  investigated  tetrabutylammonium  hexafluorophosphate  (BU4NPF6) 
as  a  potential  supporting  electrolyte.  In  order  to  demonstrate  the  ability  to 
perform  well  defined  electrochemical  measurements  in  the  halon  alternatives, 
the  electrochemistiy  of  a  simple  outer-sphere  redox  couple, 
ferrocene/fei.wCenium  (Cp2Feo/+)  was  investigated  by  cyclic  voltammetry 
(CV)  at  a  platinum  electrode.  Because  of  its  nonpolar  character,  ferrocene 
readily  dissolves  in  aliphatic  hydrocarbons  like  CF3CHCIF.  This  redox 
couple  was  also  used  to  establish  a  reference  potential  (5). 

A  multipurpose  high-pressure  cell  was  designed  for  making 
electrochemical  measurements  in  the  halon  alternative  environments 
(manufactured  by  PARR  Moline,  III.).  The  vessel  is  made  of  0.635  cm  thick 
316  stainless  steel  and  is  rated  to  -  6.9  MPa  of  pressure.  The  head  of  the 
cell  was  outfitted  with  four  electrical  feed  throughs  for  performing  two,  three  or 
four  electrode  electrochemical  experiments.  The  vapor  pressure  in  the  cell 
was  monitored  by  a  pressure  gauge  mounted  on  the  head  of  the  cell.  At 
higher  temperatures,  most  of  the  alternative  fire  suppressants  reach  very  high 
vapor  pressures  so  a  pressure  release  valve  is  incorporated  in  case  of 
accidental  over  pressurization.  Temperature  was  monitored  with  a 
thermocouple  mounted  in  a  well  in  the  cell  top.  A  teflon  insert  was  used  to 
prevent  accidental  electrical  contact  between  the  electrodes  and  the  stainless 
steel  cell.  The  insert  also  helped  to  minimize  interactions  between  the 
electrolyte  and  the  31 6  cell  wall.  A  schematic  of  the  three  electrode  cell 
configuration  is  shown  in  Fig  1b.  Measurements  were  made  using  an  EG&G 
PAR  273  potentiostat  /  galvanostat  in  potentiostatic  mode  and  M270 
software. 

All  of  the  electrochemical  tests  were  conducted  in  HCFC  124, 
CF3CHCIF,  which  has  a  vapor  pressure  of  3.393  x  105  Pa  at  20  °c’.  The 
conductivity  was  increased  by  adding  5x10-2  moles/  liter  BU4NPF6  (Aldrich). 
The  cell  top  was  left  slightly  opened  and  argon  was  flowed  into  the  cell  in 
order  to  remove  water  vapor.  The  head  of  the  cell  was  then  bolted  down 
and  the  entire  cell  was  chilled  in  dry  ice.  Chilling  helped  expedite  filling  of  the 
cell  with  agent.  After  chilling,  approximately  352  grams  of  CF3CHCIF  were 
transferred  into  the  cell.  This  resulted  in  about  3  cm,  or  250  ml,  of  CF3CHCIF 
in  the  liquid  phase  in  me  bottom  of  the  cell  at  room  temperature.  A  large 
platinum  rhodium  electrode  was  used  as  a  counter  electrode  and  a  separate 
platinum  wir©  was  us6d  as  a  C|uasi-rGf6r0ncG  GlGctrodG.  Th©  cjuasi-rGfGrGnc© 
electrode  was  placed  between  the  counter  and  the  working  electrode.  Heat 
shrinkable  teflon  tape  was  used  to  connect  the  electrodes  to  the  electrical 
feed  throughs  and  clips  were  used  to  make  electrical  contact. 

S 


In  the  first  experiments  0,  5  x  10-^,  or  1  x  10-3  moles/  liter  ferrocene 
(98%  Aldrich)  was  added  to  the  electrolyte.  The  tests  were  rrn  at  room 
temperature,  20  °C.  A  platinum  disk  working  electrode  (area  =  0.00317  cm2) 
was  prepared  by  encapsulating  a  platinum  wire  in  glass  followed  by 
polishing  to  a  1pm  finish.  The  potential  scale  of  each  experiment  was 
referenced  to  a  platinum  quasi-reference  electrode  and  then  normalized 
afterwards  to  the  half-wave  potential  of  Cp2Feo/+. 

In  subsequent  experiments  the  slow  sweep  rate  voltammetric  or 
potentiodynamic  characteristics  of  304  stainless  steel  (area  =  0.00785 
cm2)(Goodfellow)  and  Cu-1.9  wt%Be  (area  =  0.00196  cm2)(Goodfellow) 
were  investigated  in  5  x  10-2  moles/  liter  BU4NPF6  in  CF3CHCIF.  These 
electrodes  were  encapsulated  in  glass  and  polished  to  a  1  pm  finish. 
Voltammetry  of  a  platinum  electrode  in  the  same  electrolyte  helped  establish 
the  potential  scale  as  revealed  by  the  potential  at  which  reduction  of  the 
electrolyte  occurs.  The  potential  axis  of  the  voltammograms  was  then 
referenced  to  the  half-wave  potential  of  Cp2Feo/-^. 


Results  and  Discussion 

Mass  change  exposures 

The  mean  mass  changes  observed  from  three  samples  of  each  of 
the  alloys  on  exposure  to  each  of  the  agents  for  25  days  at  150  °C  are  given 
in  Table  2  and  the  standard  deviations  determined  for  these  measurements 
are  given  in  Table  3.  All  of  the  mass  changes  are  relatively  small  and  most 
represent  an  increase  in  mass  (positive  values  in  Table  2).  The  mass  change 
rate  was  estimated  from  these  measurements  by  the  relationship 

R=AM/(At)  (1) 

where  AM  is  the  mass  change,  A  is  the  total  exposed  area  of  the  sample  and 
t  is  the  exposure  time  in  days.  This  relationship  estimates  the  average  mass 
change  rate  over  the  exposure  period  and  assumes  that  the  mass  change 
rate  was  es  ;'enti'''y  constant  over  the  entire  exposure  period. 

Table  4a  gives  a  numerical  value  to  an  absolute  mass  change  rate 
range  as  well  as  the  equivalent  penetration  rate  for  each  alloy  for  mass  loss  at 
the  maximum  rate  for  the  range.  The  absolute  value  of  the  mass  change  rate, 
from  Equation  1  and  Table  2,  for  each  alloy  was  compared  with  Table  4a  and 
assigned  a  numerical  rating,  Table  4b.  It  was  assumed  that  a  mass  increase 
was  due  to  the  formation  of  a  surface  film  which  formed  as  a  result  of 
exposure  to  residual  gases,  decomposition  gases,  or  the  agents 
themselves.  In  any  case,  the  film  composition  will  contain  either  a  fraction  of  or 
no  metal.  Also,  the  corrosion  rate  for  a  metal  with  a  surface  film  tends  to 
decrease  with  time.  Thus,  the  calculated  rate  of  mass  increase,  and  hence  the 
numerical  rating,  will  be  an  overestimate  of  the  corrosion  damage. 

Taking  into  account  propagation  errors  in  both  area  and  time 
measurements  (6),  it  can  be  shown,  in  some  instances,  that  the  maximum 
and  minimum  confidence  levels  of  the  mass  change  rate,  at  90%  confidence, 


Table  3 

Standard  Deviation  of  mass  change  measurements 
for  each  alloy  in  each  environment  (mg). 


Table  4a 

Mass  Change  Rate  Values  used  in  rating 

and  equivalent  penetration  rate  based  on  alloy  nominal  dens  y 


based  on  absolute  value  of  mass  change  rate 
penetration  valid  only  for  mass  loss 


Mass  Loss  Rate  Evaluation  of  Agents  and  Alloys 
based  on  25  day  immersion  at  150  C 


Score 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


6  No  evidence  of  attack  (t<0,741 ,  50%  Cl). 

14  Some  inconclusive  evidence  of  attack  (0.741  (50 /o 
47  Conclusive  evidence  of  attack  (t>4.6,  99%  Cl). 

22  Corrosion  of  little  concern,  (less  than  =1  ^im/year, 

7  Corrosion  may  be  a  concern 

0  Corrosion  rate  should  be  considered  in  design 
0  Corrosion  about  1  to  5  mils  per  year 
0  Rapid  Corrosion 
0  V'-ry  rapid  corrosion 
0  Extremely  rapid  corrosion 


Cl)  <  t  <  4.6  (99%  Cl)). 
3pm  for  A1  alloy). 
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Fig.  2;  0.1  V/  s  CV  scan  of  ferrocene  on  a  Pt  electrode  in  CF3CHCIF  with  5  x 
10-2  moles/  liter  Bu4NpF6. 

Fig.  3: 1  mV/s  anodic  polarization  scan  of  Pt,  304  SS,  and  CuBe  in 
CF3HCIF  with  5x10-2  moles/  liter  Bu4NPF6. _ _ _ 

supported  by  other  experiments  which  demonstrated  that  the  magnitude  of 
the  reduction  wave  scaled  with  the  level  of  controlled  H2O  doping  of  the 
electrolyte.  Nonetheless,  another  reduction  process  becomes  apparent  at 
~  -1.79  V  (vs.  PtQRE)  and  increases  rapidly  below  ~  -  2.02  V  (vs.  PtQRE). 
This  latter  value  is  similar  to  that  observed  for  reduction  of  Bu4N-^  in  CH3CN 
although  reduction  of  the  solvent  may  also  occur  in  this  potential  regime  (4). 
The  position  of  the  background  reduction  process  remained  unchanged 
throughout  each  series  of  tests,  indicating  there  was  no  potential  drift  during 
the  tests.  Thus,  the  electrolyte  exhibits  at  least  a  2.16  V  window  where  no 
reactions  c  'Cur  on  platinum. 

Penorming  the  same  experiment  with  5  x  10-'^  moles/  liter  ferrocene 
added  to  electrolyte  reveals  a  well  defined  quasi-reversible  redox  wave  due 
to  ferrocene  oxidation  and  ferrocenium  reduction  as  shown  in  Fig.  2.  For  a 
sweep  rate  of  0.1  V/s  the  peak  potential  spitting  is  0.18  V.  A  reversible 
process  should  exhibit  a  value  of  0.06  V.  This  deviation  from  reversibility 
may  be  due  to  slow  electron  transfer  kinetics,  or  alternatively,  may  be  an 
artifact  of  uncompensated  solution  resistance.  For  example,  at  sweep  rates 
above  2  V/s  the  shape  of  the  voltammogram  is  severely  distorted  due  to  iR 
effects.  Nonetheless  the  peak  current  at  slower  sweep  rates  may  be  used  to 
estimate  the  diffusion  coefficient  of  ferroce'^e  (3,  5)  by  assuming  that  the 
wave  is  reversible.  The  Randles-Sevcik  equation  (3)  yields  a  diffusion 
coefficient  of  3.26  x  10-5  cm2/s.  The  anodic  and  cathodic  peaks  of  Cp2FeO''+ 
are  centered  at  0.56  V  (vs  PtQRE).  In  another  experiment,  a  doubling  of  the 
ferrocene  concentration  to  1x10-3  moles/  liter  resulted  in  a  doubling  of  the 
peak  oxidation  current.  These  experiments  demonstrate  the  ability  to 
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perform  quantifiable  electrochemical  experiments  in  halon  alternative 
solvents. 

Cp2Feo/+  Reference  Electrode 

The  well  defined  nature  of  the  Cp2FeO/+  reaction  may  be  used  to 
firmly  establish  the  potential  scale.  The  platinum  quasi  reference  scale  while 
useful  as  a  working  reference,  does  not  have  a  clear  meaning  in  terms  of  a 
chemical  potential.  However,  by  noting  the  difference,  -2.58  V  between  the 
onset  of  electrolyte  reduction  on  a  platinum  working  electrode  at  -2.02  V  (vs 
PtQRE)  and  the  half  wave  potential  for  Cp2FeO''+  0.56  V  (vs  PtQRE)  in  the 
same  solution,  we  can  calibrate  the  potential  scale  of  similar  expe'-’ments 
performed  m  a  ferrocene-free  electrolyte  by  measi'hng  the  potential  at  which 
the  onset  of  electrolyte  breakdown  occurs  on  platinum  (vs  a  quasi  refe.  ance 
electrode)  and  set  the  numerical  value  to  -2.58  V  vs  Cp2Fe0''+.  Thus,  in  the 
remaining  portion  of  this  manuscript  the  potential  scale  is  referenced  to 
Ei/2(Cp2Fe0/+)  =  0.0  V. 

Potentiodynamic  curves  for  Cu-  1.9wt%Be  and  304  SS 

The  i-E  characteristics  of  Pt,  Cu-1 .9wt%Be  and  304  SS  are  shown  in 
Figure  3.  A  small  anodic  background  current  was  observed  on  Pt  probably 
associated  with  the  oxidation  of  impurities  in  the  electrolyte.  The  304  SS 
exhibits  polarization  characteristics  of  a  spontaneously  passive  alloy  with  a 
near  potential  independent  passive  current  in  the  range  of  1-10  pA/cms.  In 
contrast  Cu-1.9wt%Be  exhibits  a  rapid  increase  in  the  dissolution  rate  at  0.4 
V.  Analysis  of  the  electrode  after  removal  from  the  cell  revealed  substantial 
metal  loss.  It  is  important  to  recall  that  the  long  term  high  temperature  mass 
change  experiments  revealed  a  measurable  mass  change  from  the  Cu- 
1.9wt%Be  alloy  while  negligible  attack  was  found  for  304  SS.  The  favorable 
qualitative  agreement  between  the  mass  change  and  electrochemical 
measurements  clearly  indicates  that  we  can  differentiate  the  susceptibility  of 
various  alloys  to  corrosion  in  fire  suppressant  media  via  rapid  electrochemical 
experimentation.  Future  work  will  attempt  to  determine  the  affect  of 
temperature,  pollutant  gasses,  and  water  contamination  on  the  corrosivity  of 
metals  in  halon  alternative  media. 

Conclusions 

A  program  is  underway  to  find  an  alternative  fire  suppressant  to  halon 
1301.  The  selection  of  a  replacement  agent  is,  at  least  in  part,  dependant 
upon  the  corrosivity  of  the  replacement  agents  towards  storage  container 
materials.  Mass  change  data  for  flat  smooth  coupons  of  several  such 
materials  in  replacement  candidates  has  been  presented.  A  ranking  of  the 
agents  and  container  materials  was  evaluated  based  on  this  data.  It  was 
found  that  Nit  40.  AM355.  In  625,  and  304  SS  suffered  the  least  amount 
corrosion  damage.  Agents  that  caused,  on  average,  the  least  amount  of 
corrosion  damage  were  HFC-227.  FC-C318,  HFC-134a,  HFC-125,  FC- 
1 16,  and  HFC-236.  It  should  be  noticed,  however,  that  a  complete 
evaluation  of  the  corrosion  performance  of  the  agent  /  alloy  system  would 
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include  tests  for  localized  corrosion  and  environmentally  induced  fracture. 

An  electrochemical  test  is  being  developed  as  a  supplement  or 
possible  alternative  to  the  mass  change  tests.  It  has  been  shown  that 
electrochemical  measurements  can  be  made  in  low  conductivity  halon 
alternative  environments  and  that  it  is  possible  to  rank  materials  based  on 
their  corrosion  current  densities. 

•Commercial  products  and  companies  mentioned  in  this  paper  are  not  endorsed  by 
NIST. 
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